Temperature measurement by acoustic is a new kind of temperature visualization measurement technology. It is very important to develop three-dimensional temperature field reconstruction algorithm in acoustic application. In order to get the three-dimensional temperature field distribution, this paper presents to reconstruction the temperature field distribution by Landweber method. A preprocessing matrix is adopted to accelerate the method according to the characteristics of temperature field. Based on several typical distribution model of temperature field simulation, The results show that the algorithm of Landweber and precondition matrix method can realize the reconstruction of the temperature field.
Introduction
Temperature is one of the most important parameters in thermal system. Temperature distribution is the important parameter in combustion diagnosis. It is very important to obtain gas temperature value to adjust and control combustion. Acoustic pyrometry technology is very important in many real industrial needs and applications because of the advantages as wide measuring range, easy for real time continuous measurement, convenient maintenance. For example, deep-sea hydrothermal temperature field measurement, industrial furnace combustion temperature field distribution for reconstruction and detection, atmospheric temperature field distribution measurement of the storage of grain temperature, and temperature field detection inside the microwave heating cavity [1] [2] [3] [4] [5] .
It is the key problem to obtain the quick and accuracy reconstruction algorithm to realize temperature field reconstruction in the region being measured. The main algorithms in two dimensional temperature field reconstruction are least squares, Gaussian function and regularization algorithm, algebraic reconstruction algorithm and so on. The algorithms of three dimensional temperature field reconstruction main include the least square and SVD algorithm [6] , based on RBF neural network method [7] , ART and SIRT [8] , etc. It is an important research subject to improve the accuracy of the three-dimensional temperature field reconstruction, this paper presents preconditioning Landweber method to reconstruct the three-dimensional temperature field, the simulation results show that this method is suitable for the reconstruction of temperature field, that satisfy the requirement of temperature measurement.
The Principle of Acoustic Pyrometry
The basic principle of acoustic pyrometry is based on that the propagation speed in gas medium is the function of gas temperature.
where v is the propagation speed of acoustic wave in gas medium, m/s; R is molar gas constant, J/mol•k; γ is gas specific heat ratio, T is the absolute temperature of gas, K, M is molar mass of gas, kg/mol, Z = / R M  , it is a constant to specified gas.
Time of Flight(TOF) that acoustic wave is propagated along a sound ray is represented
in which, yi represents the time of flight of the wave along the ith sound path; Li is the ith sound wave ray transmission path; (x,y,z) is the location of units, vj(x,y,z) is the sound speed of the jth imaging unit; fj(x,y,z) is the slowness of the jth pixel units (i.e., the reciprocal of velocity), ni is the measurement noise. When the number of reconstructed pixel unit and the grid size is small, it can be considered that fj(x,y,z) in each imaging unit is approximately constant, then the formula (2) can be simplified as reconstruction model in the form of a matrix equation: represents the space state factor, i.e. the reciprocal of velocity. M stands for the total of independent TOF measured across the temperature field, N is the number of pixels, M n R  represents the noise vector in TOF measurement data. F is calculated by proper reconstruction algorithm, and then the temperature T(x,y,z) is obtained according to (4).
Temperature Field Reconstruction Based on Landweber
Landweber iteration method comes from steepest descent method which is principally based least square method. It is one of the most common used method in electrical tomography field that has the advantages of simple, flexible and well regularization. The main principle is modifying the solution on the direction of negative gradiant, the gradient of data residual error is present as follow:
The corresponding iteration equation is
where α is a positive scalar which is called gain factor, it plays a important role in iteration process to control the converging speed.The iteration process converges to the square of the minimum norm.The stable converging criteria is written as
Let σmax is equal to the maximum eigenvalue of square matrix A T A, the gain factor controlling the iteration process can be obtained
The application of Landweber is affected because of its slow converging speed. A fast Landweber method was proposed to accelerate its converging speed [9] 1 1 ( ) (9) are considered as approximation of generalized inverse. The first method is selected to choose the preconditioning matrix because there is fewer properties to determine.
Numerical Simulation and Discussion
In this part, numerical simulation is adopted to verify the feasibility of the improved Landweber reconstruction algorithm. A cube space is chosen and 20 acoustic sensors are arranged in three different planes respectively. The whole image reconstruction are divided into 27 sub areas. The bicubic interpolation are adopted after getting the temperature in each subdomain.
Three kinds of classical temperature field are chosen to simulate that are single-peaked symmetric, double peak symmetric and four peak symmetric, the temperature field distribution are shown in Figure  1 . The root mean square error of reconstruction by preconditioning Landweber for three model temperature fields that are single-peaked symmetric, single-peaked deflection and double peak symmetric temperature field are 0.0475, 0.0792 and 0.245 respectively.
Conclusion
Temperature field reconstruction by acoustic is increasingly developed. It can measure the temperature field distribution on line because of the advantages as low cost, fast speed etc.. To reconstruct the temperature field is essentially a inverse problem and finding solutions of inverse problem is often transformed into a non-constrain optimization problem. A preconditioning Landweber method is used to reconstruct three-dimensional temperature field. The results show that the algorithm meets the requirement and achieve the requirement of temperature field reconstruction.
